ABSTRACT

1
Interpretation of surface electromyograms (EMG) is usually based on the assumption that the 2 surface representation of action potentials does not change during their propagation. This 3 assumption does not hold for muscles whose fibers are oblique to the skin. Consequently, the 4 interpretation of surface EMGs recorded from pinnate muscles unlikely prompts from current 5 knowledge. Here we present a complete analytical model that supports the interpretation of 6 experimental EMGs detected from muscles with oblique architecture. EMGs were recorded from 7 the medial gastrocnemius muscle during voluntary and electrically elicited contractions. 8 Preliminary indications obtained from simulated and experimental signals concern the spatial 9 localization of surface potentials and the myoelectric fatigue. Specifically, the spatial distribution of 10 surface EMGs was localized about the fibers superficial extremity. Strikingly, this localization 11 increased with the pinnation angle, both for the simulated EMGs and the recorded M-waves. 12 Moreover, the average rectified value (ARV) and the mean frequency (MNF) of interference EMGs The assumption that the volume conductor is invariant in the direction of propagation of 9 intracellular action potentials allowed for the development of fast analytical models for the 10 simulation of surface EMGs (Farina and Merletti, 2001; Farina et al., 2004a) . If a volume conductor 11 is space invariant, the surface representation of a motor unit action potential does not change with 12 its propagation. Such space invariance is frequently assumed when simulating, processing and In this study we simulate a pinnate muscle, with fibers inclined in the depth direction, to interpret 6 surface EMGs detected from the gastrocnemius muscles. A complete mathematical model, which 7 includes muscle fibers with finite length and three layers of tissues, is presented here for the 8 generation of single fiber action potentials (SFAP). In particular, we simulate the distribution of 9 motor unit action potentials (MUAPs) on the skin and the interference EMG for different degrees of 10 inclination of muscle fibers. The implications for the interpretation of how action potentials 11 distribute on the skin surface and for the estimation of muscle fatigue are addressed as well. 12 Ultrasound images and experimental EMGs are recorded from the human medial gastrocnemius 13 (MG) muscle to investigate how much theoretical and empirical data correspond. 14 15
METHODS
16
Mathematical model
17
The simulation model was developed by extending our previous work (Mesin and Farina, 2004) , 18 which considered the impulse response of a two layer volume conductor. Three layers were 19 considered here (skin, fat and muscle; figure 1). Moreover a complete model (including finite-20 length fibers) was implemented to generate single fiber action potentials (SFAP). Full details on the model and the simulated EMGs are described in the Appendix. to the skin). In particular, the potential distribution over the skin surface is considered for fixed time Simulations showed that the amplitude and the shape of surface potentials change with the obliquity 7 of muscle fibers (figure 2). When simulating fibers parallel to the skin, the surface distribution of The inclination of muscle fibers affects also the shape and the propagation of surface potentials. 4 Close inspection of figure 3 reveals that the surface potential from fibers parallel to the skin has the 5 same duration, wherever it is sampled on the skin. Propagation of these potentials is also evident in the skin with respect to that generated with a pinnate geometry (interquartile interval: less than 24 25mm for pinnation angles higher than 10°; figure 4). (Table 1) .
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DISCUSSION
21
A model for the simulation and interpretation of surface EMGs in pinnate muscles is proposed here.
22
Simulations indicate that the obliquity of muscle fibers has a marked effect on the surface EMG were different for experimental data recorded for two pinnation angles (Table 1 ). This suggests that 7 some factors, which were kept constant in the simulations, were involved in the contraction of the 
